Objectives: To estimate the hair shaft exit angles and also to check the effect of tumescence on the hair angles.
| INTRODUCTION
The field of hair restoration has undergone various dramatic and revolutionary changes especially over the last two decades. These include the introduction of new hair loss classifications, the use of various kinds of machines including robots. [1] [2] [3] [4] [5] Nowadays, the hair restoration is being considered as one of the "safe" office-based surgical procedures. The mainstay of the hair restoration remains the harvesting of the hair from a donor area (most commonly the posterior part of the scalp). These hair can be harvested by strip surgery or by follicular unit extraction. The transection of the hair has been very influencing factor. These transection rates vary among the different methods and different surgical techniques. These transection rates are directly proportionate to the ability of the operating surgeon to adopt to the changes in the hair shaft exit angles especially while performing FUE.
The scalp hair exit from the scalp at acute angles depending on the location. It varies from 10°to 30°or even 40°6 Lindelof et al Africans. Trotter suggested that hair curl depends on the shape of the hair follicle and which may probably define the hair shaft exit angle from the skin. 8 However, probably due to hereditary and environmental factors, a great diversity is seen in hair morphology across the world.
The estimation of the hair angles becomes important while performing a hair transplant surgery especially FUE where smaller punches (0.8 mm or even less) are used to harvest "follicular units"
(FUs). The exit angles vary at different areas of the scalp, for example, it is very acute (less than 10°) in temporal area.
The current study was conducted in order to estimate the hair shaft exit angles in a given population and also to check the effect of tumescent infiltration on the hair angles.
| MATERIALS AND METHODS
Ten patients undergoing first session of strip hair restoration were included. The strip was marked at the level of external occipital protuberance and superior nuchal line. The width of the strip was 1.0- The hair shaft exit angles of the three hairs were calculated using the computer software. All the data were noted accordingly. The
Kruskal-Wallis test and multiple comparisons (Bonferroni's correction) were used to analyze the data statistically using software "Stats tester" version 2.1.1 ©, BMP group, Saitama, Japan 2016-17.
| RESULTS
The mean age of the patients was 23.4 years (range, 25-41 years).
In each patient, angles of 3 hair (upper, middle, and lower) were calculated ( Table 1 
| DISCUSSION
The estimation of hair shaft angle is one of the most important factor in hair restoration for the operating surgeon especially for FUE, as they advance from one area to the other, for example, from vertex to the occipital area. But no clinical study has been found. The current study that the average hair shaft exit angle was 52.82 degrees in the midline at the level of the eternal occipital protuberance. The study conducted by Zontos et al 9 showed the angle of hair exit to vary from 33.37°-55.83°(mean-45.07°) which is close to the mean exit angle noted in the current study. Another point was noted by Rose that there is difference in internal and external hair diameter. 10 The finding was reinforced by Cole and he also described that the arrector pili muscle attachment is toward the concave side of the angle. 11 In author's opinion, probably the pull of the muscle may result in the hair shaft exiting tangentially. Another observation was noted during the study that the removal of the strip resulted in the release of overall scalp traction of the intact scalp.
Once this traction force was removed (for example by strip surgery), the angle of the hair shaft changes. As previously mentioned, the "pull" of the arrector pili muscle causes the hair shaft exit angle, the additional intact scalp traction also contributes toward the total hair exit angle. Similarly, the surrounding intact hair with the arrector pili muscle also affects the hair exit angles (Figure 3 ). This was evident by the observation that the average exit angle was more in upper and lower parts as compared to the middle part hair.
The knowledge of hair angle in a given population is very important. It helps to choose a proper size of FUE punch for that population. Moreover, if the surgeon chooses to perform surgery, it can also indicate toward the expected transections of hair during the strip harvest.
There was no study found in the literature to which the results of the current study could have been compared. Moreover, the current study showed the direct effect of the tumescent fluid infiltration on the scalp hair. The tumescent fluid resulted in an increase of about 19.09 degrees change in the hair angles. The change in the hair shaft exit angles can be of varying degrees (Figure 4 ). For example, injecting deeper around the level of hair bulb raises the hair and injecting more superficially will increase the inter-hair distance. The hair stand out and the hair shaft exit angles tend to increase. This increase in angle will decrease the transection of hair during FUE. The digital maneuver mentioned by the author also aids to increase the hair angle further decreasing the transection. 12 Moreover, it will also decrease the final scar size as the angle of FUE punch to the skin changes as also described by Zontos, once the fluid gets absorbed. 13 Another point which defines the hair angles is the shape of the skull. A wide variation in skull features has been noted. 14, 15 The scalp follows the contours of the skull bone, and variations in hair exit angles vary accordingly.
There is variation among the hair angles within the same FU group which is attributed to the different arrangement of underlying hair follicles. 16 Therefore, the assessment of the accurate hair shaft exit angle is important, and if the angles are acute, the injection technique can alter the exit angles which results in less transection and less physical fatigue of the operating surgeon. 
